



4 j 1 ^. ., ,: jj alii 1 dj|^LxJa^]l 

Topological Spaces 




aj 4 <a<a-N.\l ^ r -j^ «a ,^-lc. “CuoljJ CIiIAj 

(jjjlA (_j-a ^aC-lj 4-lj2<all dllpLjaall l^jiaj j (_£jjjjd-ail ^^Ic. 

j 4 _ijaa]I djl«.Ldaa]l t _ s -lc- 4_uolj^3 i Cj/' r ~ j;^ 7 ~ .all 

4_il dn-v ^lc- j_j-a 4_ijlj]| 4_l^.^a]| j 1 ^-ilc. A 1 j. ^ alLall 

(_£^}i.l d ^ r - 4 4jLuoljJ djdLal (_Jj 4_l^)!Lall dj|«.Ljaa]l Aic- i 

/“ ll ^ .all e^A (_jC- ^)iaj]l (_j^a3LJ 

^al*Jl «.Ljaa]| ^a^_La ■4 -j_uI^)A1 I^A 

-LaULi (_]x® djla.Ldaa]Ll 4_aix!La]l ^aJALLall 4_uol^p AiLda^lj 

(Jj!/l*-iVI i 4_djAaJl Jallill i 4_l^.jl_iJl Jalljll i 4_liklJl Jallill i 

^jjLujVIj (__)j)IjjoVI (_j-a <_]£ Ldajl _£tll dllc-^a^. «al] 

lj-I^.1 _ £.Ia^JI ^ Ua ill dlli£j 

.4_ia -j ill djl$.tdaflll dll* jlilLal] t_ijlsii' ^j^io 4_uilj.li Jjuaall lift dii^ j 
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d!*LdEl! (3.1) 

A ^jULall dll r - j .all o j *N q ^_lc. l— ujLujI -Hi ui j :.J jj g.1 L>»a\l pLjj (j| 

^_3 4_^.jlLa]| dl r - J A! (jl LiS^jC- dl j l (JjjLudll (_] k «a&]| ^3 l^-Jl lj3_jlaJ ^lill 

^^Jillj (2.4) l^jdj Cl jCjj d£ A list * dal^jd (jEd (_£jlLall g.1 1 . ><all 

: yH^' c 3 ^ 4 j (X,d) ls j 1 ^' ^ 

.<ja.jlia (f) L> <_J^ (i) 

^Jaiiili (jli a^.ji ia dltj^A G 1 ,G 2 ,G 3 ,...,G n djl£ lei (ii) 

Gj nG 2 nG 3 n...nG n 

.4_^.jliia ^ !■»» 1 

_4^.jliLa ^ r - J ^ <a (j_j£Ll A -n. Ja/\ll dlc-^a^-a]l j_jxi CCc. (_^l Adi (iii) 
(j-a 4_Ililc. 4_iU ( X A jll -C j jf. 4_c. j-a^-a ( __ s _lc- 6 ^^-^.jJjJjlill lA^J 

4_1jL*JI oAA ^Jj^alic. (jl (jajJaj ^ (j-a 4_^.jliEAl 4_1J^^J| dlc.^a^all 

dl C- j-a^aJi ^wal 5— Si. dl C.^a^a]| edk jj_Ed jjl ~ j Il3 4 ^.jliLa dl r - J ^ ^ 

.(2.4) d^)iaj (j-S djl^ll <^.jliLa]l 

(3.1) 

(j-a 4_1J dlc-^a^-a (j-a 4-i^jda 4_ljlc. 2" j 4_llld jJC- ^ jjdi] 

|4_Jlli]| .Laj^Jull (jEd Cd J X 

■ T Jj X , (f) Cp^ (i) 

^JalEj ij\ (j$\ ) A<^\ B g t jls A,B gt Cpc- (ii) 

. (I jJsjI 2" (_g-3 ' j ‘ <dc. (j^jSLl 2" aljc- (j-a AliLa 

. uA .e r A .e r (iii) 
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L$\ J X ^-C- j-a>.al' (_ j-lc- ^^ajuoJ p <Ujl*Jl 


ia£aj ( 7 - — open) * — a — tj^ui 


Jjjj * 1 — da (X,t) ^ (jr * — .{r — closed ) 


. (Topological space) 

(3.1) 

: aJUII (j£«j Aila . X = {a,£>,c} u' 


r 2 ={X,^,{<i}} 

r 3 ={X,^,{^}} 

r 4 ={X,^,{c}} 

r 5 ={X,^,{a,Z?}} 

r 6 ={X,^,{a,c}} 
r 7 = {X,^,{Z?,c}} 
r 8 ={X,^,{<i},{fc},{ 0 ,fc}} 
r 9 = {X,^,{a},{c},{<3,c}} 


r xo = {X,(/),{b},{c},{b,c}} 

T u = {X,<f>,{a},{a,b}} 
r x2 = {X,(j),{a},{a,c}} 

T n = {X,(/),{b},{a,b}} 

r l4 = {X,(/>,{b},{b,c }} 

T ]5 = {X,(/>,{b},{a,b},{b,c}} 
r ]6 = {X,(f),{a},{a,b},{a,c}} 
T xl = {X,(/),{c},{a,c},{b,c}} 

_4ijLud]l Jajjjoll Ja-yj 


(3.2) Jli. 

a_JU 11 di l « (j\ X —{a,b,c,d,e} ddl£ lil 

: X c^lc. 
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(i) T x ={X,(/),{a},{a,b}Aa,c}} 

(ii) z 2 -{X,(J),{a,b,c},{a,b,d},{a,b,c,d } } 

(iii )t 2 ={X ,(f),{a} ,{a,b] ,{a,c,d) ,{a,b,c,d}} . 

cM 

jl j£J j {fl,fe},{fl,c}er d J^u V r, ( i) 

{a,b}'u{a,c} = {a,b,c}<£z 1 

JajjjJo j>j 2ll]l!i]l JajjoJl V ^ jli j-a J 

Uiaj t {a,Z?,c},{a,Z?,<i}er 2 jV Jiaj V r 2 (ii) 

c} n {a, b, d } = {a, b] <£ r 2 

-LjjjIi ijA ^Uill _>2ill jSau V T 0 jji j^ J 

J_Juj r3={X,^,{fl},{fl,Z?},{fl,c,J},{<3,/7,c,^}} (iii) 

. <_1^ l-g-jV 

( 3 . 3 ) JH. 

<_J£ aIjIc.) P(J^) oj£]I ^ jli . ^ jl 

jill X L^kal ( X j-a j^Jl dllc. J-a> -all 

Liu j' (Discrete topology) 4 -»-laalai l 

j (Indiscrete topology) ^aala jj*JI ^-a^j T — {X ,(/)] 

ji]| t aixjJall jill UUa.1 

( 3 . 4 ) Jli* 

jl J 4_l]l_i. j4C. kc. JA -\ A X jl (J-* 3 j^LJ 

r = {GcI:(I-G) finite } u {^} 
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— dJISIl 


(jj£j (^ill J X O'® 2_1J j^Jl Clllc. (J£ 2_Ijlc. ^Jt, 1 (jl (_5 I 

X (_ s ^ <-&®J 1 2_IjI*J| _ (j) 2_Jl_iJl Ac-.ja-k jl ^Jl AiLiJaVLj A-i^lLa 

jj^Aj liUi j (Co-finite Topology) ' jgT ' ®^ yijLa£A]l 

|4_llc. -laj jjJu j_33^j 2_uol^p ^_ya 4llia^.!)La 

:JjV) ±j£l\ 

is* J (X - X ) = <f) d J‘^er j' G® 

. X , (j) G T j' J X GT o\* 

:<s&\ 

• G r\H <=t j' M j G,H er j' G= j^j 
(X-G) j (X-H) jLa <G,//er j' U? 


(X -G)gj(X -H) = X - (GnH) jli^G® 

.G r\H gt j' j 

Ja j*ii1 


? yj. G j er j' ^ jj] j r G® {G ; } j' G 3 J ^ 

g?A ( X —G t ) jl g® J£ ^jli i J£] Gj er j 


2 <~- j ^ z' ^ — G. ) 4 A^JlLall dilc.^A^-jl ^JaLaj ^_ya j A -l^AA ^ 4r.j^-y * 

X -U.G. jlfl J n. (X -Gj ) = X -UjGj j ^ j 

.u. G- er jJ-3 4_iic. j 4_i^JlLa 2<~- ^ 

. X Jiwj l jb Jjsil b^j bj 

( 3 . 5 ) jli. 

2_1jL*JI _ p (= x j 2_JUk jjc. 2 1~- j ^ ^ (jl 
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P = {^GcI:peG} 

o^jl*1'*Ka\l AJaklll X tP^" LS cJ^ *‘‘U 

JaJl 
:JjSn Lj*a« 

4_ilc. j X G P CP p gX u' J ‘ (j) G P jl •— 

. X,0 G P j* 

Ja>a« 

j p gG r\H ci i s '-^ j p gG /\ p gH P G,H gP 


.G n\H gP oPi ^ c> 
L ij*ai| 

p g u. G ( j p e G, ‘ P G* {G ; } u' o- 3 j^ 1 

. u. G e P J ^ 

^ . X p- P = j(i),GcI:p6G} '\' 

j (Particular point topology) * aLUI jl jjjj 

A Jaklll pLiJaS (X,P) 

(3.6) 

_ p g X J Ajlli. jjc. Ac- <q X (jl 


P = {X,G^X : pzG] 

'& AX-lLwO^J 1 A j-»*0 'll X <__3 C- 3^ jjjJ 

JaJl 

.UjsW liljJJ 
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— dJlSIl jjx^qll 


(3.7) JH. 

j>s dal r - J aII 4_1jIc- _4 <a<a-N.\l jxc-VI 4 r - J ^7~ «a = ^ jl 

; a JjJ-all ^Ic- ^1 R 

m = {GcX:VigG, 3 £• > o : (x — £,x + £) c= G} 

jl ( ^=kj]jjjl]l ^s-aj-uj X (jJc. (J£dj 

JaJ! 

R,(f><=u o' j :JjVi 

:<^i ^i 

liLSj j_^ j x e G, n G, j' j , G p G 2 £m j' <_k= j-A 1 
uj^J c ~~ ^ s x > O,^ > 0 . (x e Gj ) a (x e G 2 ) 

. (x- £ x ,X+ £ x ) Cl G, , (x-£’ 2 ,X + £’ 2 ) cG, 

j' ^ e> = min{ <?,,£.,} j4^-W 
.(x-^x + ^cG, , (x-S,x + S) cG 2 

|jj 

. (x-^x + ^c^nG, 

. G, n G 2 e u j^ 

:< ia ttt L ij*a« 

'\' x e u. G, O' J ‘ w (jA aLIc. {(7. ; / e / } jl <_>= jAj 

O' ^ > 0 ^ f 3 0 « j x e G O' ^ ^ G e w 

' *o *o 

(x - c>,x + t>) ci u.G ( . jj-a , G c u.G. O' ^ . (x - S,x + 8) ci G 

. u G e m 'aj 

i j s 
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(3.8) JH. 

l^llUJl _ A 13 L lllall jl^C-VI Ac . <Q (ji (_j^a^)ij 

r = {(/),N,A n ={l,2„...,n}:«eiV} 

. /V gr+J^A 

cM 

2V,0 G T L) ' ^ a ' J :JjVl 

: ^ 

cs — ^ J — ^ J i, j £ N Aj — +*> , A. , A . e t u' cA 3 j — *i 

. k = min {;'./} u' Aixa> A. O A. = A^ er 

: diMit L jAJl 

uj^j jA n = {1,2,. ..,«.} j i e / An^ A ;i e r u' cA 3 j^ 1 

|j| LjS k '\' /: = sup{« : / e /} Am>. , u A n = {1,2,...,/:} e r 


.uA = N <et o\* k = +00 



{^,{ll,X) 5— null 


(3.9) JH. 


A- = {0,1} 



5-1 kJa 3 ujJ A >Ja 3 (X,S') S - 1 ^ ^ C. j-a> -all 


. (Sierpinski space) 

(3.1)^ 

‘ X ^^Jc- ^ jj Jjjj 7" j 7" O-A <_]-£ j' j JJC. Ac. X u' lA 3 J+ 

.X ^ yr^jfA r nr 
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JUjA! 

: JjSn 

. X.^er nr u \*X,</>eT 2 *X,^er J ^ 

Ja. ij*a« 

c> <_£ u' Wj A,B gt^j A,B <et^ fa] ‘ A, 5 er nr 

'^>j AnBer ■ j An^e^ X ^ r 0 j r 

. AnBer nr u' t^ 2 L 
1 2 


;AAlAl L ijaII! 

A.er^j A.er &]< Aer nr 

■ cr?- jjjj r 2 j r u' 

uA.er, uA.er ^>uAer nr 

l 1 ’ Z 2 Z 1 2 

. X t^c- cr?-. 'JiJ* r O T uW j <J^2 

IjLaS i jJh (_^l £-LaUjj (jl U^£Ij (jl .A*J (jVlj 

(ji (j jjjj-^AI Cy* (j->A <j^j JlilAl .? t ^JT A^riVt (jc. 


■ . X ^ r ur 2 JU3VI uj^j 


(3.10)JIS- 

r 2 ={X,^,{^}}*r 1 ={X,^,{a}} i> u' 

. X—{a,b,c} '^^ jjAI 

X ^ o*£ r ur ={X,^{fl},{B}} J i> 
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ls‘\ .{a}'u{b} = {a,b}<£T l 'UT 2 ^ « {«},{&} er ur jV 

-t _j-2kj]jjjl]| -Ljjj^ j* iH51l Ja jJull (JjiaLi V 7" ^ 

(3.2) <-s j 

ji . X ^21^ ^Ic. ^jIjjjj 2" j x o* <3^ ji o- 3 

r o ji j' T 0 j* (coarser or weaker) cj*dal j ^jljjjlll 

r, < T : 3 r, cz r , r j* (finer or stronger) jj^i 

A r - J «a <_]_£! AJli 2"j Cl r 7 jl£ ^ A_ il (Jjjl_ui]l t fl_i^}*j]l j_>» Ja_^.^U 

^Jc. ^ JaSlftl l ^jJjjjllI ji ^Jl a jU^}\ .Ger 2 uM ‘ G e ^ 

t ^A Aillill jill J ; ji j^jil _jA X Ajlld jjc. ^ r - J ^7* <a 

A_j£^all dll—l^. jill (_)^ A_Ij1x. T Cl±il£ Ijl A_il Ijj jA^_l La£ 

_l_L)j^ Ajl^a ^ (T,<) jl-3 X AC-^a^aJI ^Jc. 

LicO ;( iauJaVI j jjiVl jill jJJ A3^l*Jl ->g qij 

^iaiJ A_liiAa Aj^Lki A (_)iLa£ o^j^aljc. (Jjj XJ j£>ij pLjafl (J-dJli 

l_La3 liil (Jjij _A^.jiLa]| dllc. j-a^all <J!LaJ IgjIjLaJil j dll ij^aaJl <■ jjA . ^.11 

' A J nS'i ji dll jj. 11 aJjLc. ji .la-L u3 o j ;-» ■ ^Ja3 ^Jl ^ . ^-vll Cliili A_iLa*J 

aJUJI ^^.j^jji j^ j jii ^^.j^jji dul£ j La£ l^J 1 1 ji j^j 

(3.11) 

iji (jdji j j . X = {a,b,c,d } u' 


r, ={X,^,{a}} 

r 2 = {X,^, {a}, {£},{«,£}} 
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r 3 ={X,(/),{a,b}} 

■ t 2 St 1 l£G r 3 < r 2 j r, < r 2 j' 

(3.3) 

I jlj?. Acl Ac.ja->a\I frljJaa (X,t) j' aA 

.peGcA jjA Get Ac ja^a caa^j lil 

(3.12) Jli. 

5 = [-1,1] J A = (—1,1) ^ja Acja^a ^ Alla VI «-ljAaall ^ 


V C={0,l,l,...,-,^-r,...} Ac^a^aII Uu . 0 £ R A AAU jl ja, Jfi*J 

^ /I I -L 

4 lakill oA^J ljl_j^. 

(3.13) JA. 

_^iaiA<ill g.1 j. ><all ^ X E AT AiaiLii] Ijl^a. [x| ^Jaiill aA la, j aII 

(3.2) 

iaiaj |j| A^jlLa (X,r) pLiJaall L A CZ X Ac ja^ aII 

3 £ Jalai ^_ya 4 Iiq’i (_}£] (JliilS |jl 


jlA^ll 

Ala^jil j' G j' ls' igGcG l\' x e G j' j Ger j' cA 3 j^ 1 V jl 

. X e G J£l ^lau^a IJA j J 
^.Jj X e G cA . l-$3atai j-» "Aaii J£l jl ja. ^-A Q (jl qZ a jii ;Uilj 

jl tjlc. i I j x e U x c G j' ‘ -Ape G/ a Aja.jli« Ac^a^a 
Ac^a^a q jl 11 a j G = lj{£/ v : x e G} 
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(3.1) 

.X ={a,b,c} L5 ^- 4A*Al cijUa.j]jjjl]l J£ L-±i£l .(1) 

X ={a,b,c} cjU^.j]jjjS]I q±i jjjli .(2) 

^1 j£j| .^jiLilLk <j A,B czX u' (j- 3 j^f .(3) 

t = {X , A , 5 } AAjL>«J\ (jj£j ^ A, B lA^ ^ U jajj l-a^j 

.X cA^ yr?AjfA 

Aet u' CA ji.A cX u' j cr?- A j^A (X ,r) A cA 3 Aj .(4) 

(ji i"n^j Get ^-c- j-a>-a a^.jj 4-jls 4 x e A <J^ A -laia j lil 

.x eG cA 

X ^ r - j ^ 7- .a 'AjJtAl j)-a “AlLc. 1 2". } (ji -(5) 

t> oA* u. r- ^4“ .X A^ A J^A J* O. Tj u' CA Ji- 

-X A^ ^AjA JAi A (£JJJ^\ 
t A^ yr?A_^A <-^4 j r = {i?,(« 9 °°) J* .(6) 

^jja j S R jl^C-Vi ^ r - j ^ 7- <a 

<_J^4j r = {^,X,£’ )i ={n,n + l,/i + 2,...,}:fjeiV} aLUII Ja .(7) 

_ ^V 4_«_llla]l ^I^C-Vi ^ tA^" LS^A^A 

d x (x,y) = £|x - y t \ Jlj.i A jjJJ R" cLjaall .(8) 

1=1 

d x (x, y ) = sup|x,. - ;y.| J d 2 (x, y) = ~ X -) 2 J 

. 7?" e-LJaall ^jlc- (_j-^Aj^A^ 
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( ^ l ^ jlil !) Ajlgjl ! Jalii j 4 qU a\\ djlc . j . o'^.all ( 3 . 2 ) 

Closed Sets and Accurmilation Points 

< ij_aa_ jjjl ( kl^xj ^3 Alljuls 4 ti'a A 4 -a. j'Va ^ll <dllc.^A^-a]l LLaAAluil -ill 

^jAI Call 1 J 4_aal j3 j > il j.*.. JL LajS 4_^.jlLdl d ll r - <dl ,aAsdaaj 

.4j-gi.ll JaliLs j idllc. jAa-all jjj-t ‘4 a\» Jl idllc. I JiLa 4_ud_aa'V I 

(3.4) 

4_C.ja^a ^^j-a-uoJ (X ,T) pi— daall j_j^a ^4 4_jj^aJl A_C. j-a^-all 

. 4 _^. j!iLa X — A — A C 4x .^ a^-all d ± il £ U 4iiCa 

(3.14) Jl^ 

Igdia^a AilCp [a,b] a R AdjaJl 4c.j*->*ll (i) 
R ~[a,b] = (-co,a)^j(b,+co) 

ft ^3 4_^.jSLa 4r, jaa. ^ 

Igdia^ a jV AilCp [<2,+00) d 7? (H) 

1? — [a,+oo) = (-oo, a) 

ft ^3 4_^.jSLa 4r, jaa. ^ 

(3.15) Jl^ 

15^ <^jW r = {X,^,{fl},{<3,Z?},{<3,c},{<3,Z7,c}} 
r u' I^j . X —{a,b,c,d,e} j4^' ^ 

j l A V- j aaaic- (_]-Sl <_]— a£-all AAlj 4_ili . 4_^.jlia 4_1J^^ dll r - J <a ^g_A 

| ^Aj 4 al» ^ll t"'1f-.jj/'-a. ^ll 4_1 jLc. ^Ic. 2"4_llL*Jl 

t c = {(/>, X,{b,c,d,e},{c,d,e},{b,d,e},{d,e}} 
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(3.3) ^ 

^ 3 A £i*-<Ll dll C.^a^-o1I A Lie. «■! k -‘ a ^ (X,T) (j 

j Ajllill jjad ? g-l >>»q\l 

. j lSSlxx jU ^jA^X,(f) (i) 
_<ali -0 Ac. «a jJh Aai*-a]l d '1 r - J ^ 7 ~ «<3I (_^l ^iaUL (ii) 

A al» ^ A r. j s , -v ^ jA AaidJl die. j-a Jjd JlJlC. .ildl (ill) 

jUjJI 

g _ Aliljg >«\ ;_£ jlail dljlL 

(3.5) 

Aj_d]l_J A a\» ^11 dl f,jj/'^./'ll A-Llc. ^ j <il_da3 (X,T) (j lA 3 ^)-^ 

pLdaall 4-c-j^^al] (closure) (J^— *-^Vl . z 

(_gj *i*\‘i ^^dillj JS^ ^^-3 A Hawaii dl C-j-a^-all <_]_£ ^Lal—Sj A-ill L_aj_*_l (X ,T) 

• jj| _ A Ajj A?J| Asa j-a^-all 

.A = n{F:AcF,Fer f } 

A ALj^Jl A ^11 j Jj^l*_i'^| ] J&J 4 l-l^J ^Sl^a ^)i.l 4 Ll^)*!] ^li&j 

jl£ 1 ■>] dl AJjj t A (jj) *'d A Hit ^ A_L A CLjss-s. <s . A\ (j_C- * j' J r - 

.AczAczF jlaAcF (jl 4ql»,a asaja-^a ]? 

(3.16) Jli. 

jlj a. 3 U. jjc. X ={a,b,c, d,e} u' lA*J“ 

r = {X,(/),{a},{c},{(Ac},{c,d},{a,c,d}Ab,c,d,e}} 

\ ^A ^ ^^3 Aali-oll AjjA^AI d '1 r - j <31 aLIc. 3 g-Ac. ( a^)*-a 


L_1 
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t c ={(f),X,{b,c,d,e},{a,b,d,e},{b,d,e},{a,b,e},{b,e},{a}} 

|^7 j- (jj'iVl A.3\«,<a\l dllc. j.a^.a\l (_]£ ^ialaj ( i) 

{ b } = X r^{a,b,e} n{b,c,d,e} r\{a,b,d,e} n{b,d,e} n {/?,<?} 

= {b,e} 

{a,c} = X ^ {a,c} is ^ ^UiAl dS <*3A£i ( ii) 

{b,d} <jj ^ aAxAI 1 I 1 I& j-a-^Al d$ ( ni) 


{b, d] = X c\{b,c,d,e}c\{a,b,d,e}r\{b,d,e} = {b, d] 

( 3 . 6 ) 

A_aj!l£ A r - J «a ^g-ajuaJ (^X , Z") (_ s -^._5-1_jJjAI «.LjJaa]l (j>i Ajjj^l Ax^a^a]l 

. A = X (dense set) 

( 3 . 17 ) 


‘{<2,C} = X tjV {<2,c} Ac-ja^AI jl ^aJi jjlAl JHAl ^3 

_4a dluA {b,d} A-pA? - ^ Axj-a^~a]l Laiu 

( 3 . 18 ) 

jl ell -la. i (X,I) (^ laSlLo j -lill) *• <j» A kladl ^ 3 

(_g_J lllj (^-^jJ^JjllI I.1A ^^-3 A ql» .all a.*l i*\^]| A_x-^a^a]| (jl ^ la i ;/ —{3^,^} 

.A cl ^ J£lA = X ' A 4 X yA A 

( 3 . 19 ) 

lU jlA ‘ D = P(X) ji dj las. l(X,D) ^dafllall (_^jJjJjl]l ^LiJaall ^ 

jl_3 ali j-a j 4l_Aj (jl (^_3 A_^.jiLaj A_ai*-a j^£l A_l3 A_ 1 J j^. ^ r - J ^ «a 

_ A = A jl lA .1^21 j A Ac. j-a^Al (^A A Ac. j^a^Al (_g jHali Aili-a Ax. j-a^a 
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(3.4) ^ 

lil JaSa j lil p e A cP A<p.X d j «-^=a(X,r) u' lP _A? 

^g. 1c. A A_C.^a^-a]| ^LaLEjj p 4_lakj]l 4_^.jlLa A r - J «a <_)-£ dl 

L)' ^ J^Vl 

p <=A<=>\/Ger, p eG^> Ar^G^(/> 

jU jJI 

P 4 Jaklll (^g-lc. (j g: 2" A_^.jlLa 4r.ja-\ ^ A^.jJ 4_j| |Vjl 

.AcG c oAnG = ^ j .AnG = ^ uj^j (p<£G c ) 
AjS t gi*j |j& J . p £ A CP ^-si*-a <£-j ^0 Q c (jS AcAc G c 

.Ac\G^(J) iP pe A <-»A£ '->] 
. An(A) c = (j) cPj . p<e(A) c u' ^jp<£A j ' <_k= 

P 4 lakill (_g jHaJ 4_^.jlLa 4r.ja-\ ^ A^.jJ 4_jl_j (_J^jii]l ^llaluij I jl 

ja Ac\G^(j) cP '-^ j. An(A) f =(/) u'j 

■ ./?g A /? ALiAl ( _ 5 lc. csjidi Ggt'^P* 

(3.20) Jl^ 

^l-AC-Vl 4x-j.a->.a (jl CllJjl i(R,U^ (c^d^VI) AjjiAI c-Ljaill ^ 

Ljajl Al'^j _ Q — R (jl pi P ^g3 Ai-llS Q (A j JjoiAI ji ^ A_LuoLia]l 

■ R\Q = R 
cM 

op. s > 0 ^4i a <eR P lP P 
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(a- s,a + s) c = R 

jlztVI ij-A 1 n \ g j V bzc. c5j-^J (a — G,d + G) 0 j-jall (ji 

<- C^JA^A ji a J£] ( 3 ‘A'li J (< 2 -G,a + G)nQ^ (f) jJ-3 
j a <eR J-^ ae(2 ls-^- J ■ a ^ 

. R C5^ <sjii£ g j' (9 = R j. J R^Q ijj^i 

(3.5)^ 

: u!^ ‘ A,B<^X o£c- (/V j (X,r)^j^ *Lz=a lsV 

A cl A cA (i) 
_ 4 _al*-a ^ r - J ^ <Q A ( — |jl Jaifi J lit A = A (ll) 

.A c5 ‘ A cB '\' (iii) 

^ r Z 1 -A (j) 4 "'^ t 4 (_j-a SjjJulxa ^^jIj ajaall CIiLjjI 

wJ \ X Al 4 _ai*-a 

I jj 4 ^L_aj^)*Il]l Ailii^a 4x. j-a^-a A (j^ J 4 A = A (j^ (11) 

_4_aii-a ^f~-j^ ^ 

A CZ A 1^1 4<al*-a ^ r - J ^ -a A j' A_ra.Lj (_j>i 

,A = A ijj.AcA 

i>jAc5cS j^j(i) * t> ‘ Ac5 u' cA 3 (Hi) 
jV A cA cB u' jA c5 uj^j ^ 

■ .A czi? u' 
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(3.6) ^ 

: ‘ A,BnX u^c- (/V j (X,r)^j^jjjj *4^ 

© ~(J) = (J) 

(ii) (A) = A 

(iii) Au B = Au B 

(iv) AnB cAnB . 

(p = (j) uji (j) u' (i) 

(A) = A ( ^o*^') A uj^ (ii) 

i^VI ^ AkjB = AkjB c^LSy (iii) 

•;AcAuS=>AcAu5 (1) 

B cz An B => B cz Az B (2) 

J ^ (2) j(l) i> 

AnBnAzB ( 3 ) 

ijS Ujj An B cz An B ‘AcA , BczB u' ^ ^4 t>j 

. .gj LajlJ t ALJ 5 Al <ali-a ^ 5 4r- Al 

; (jl (_£l . l^ajliul f^Sk, Au B iSjA'*' ^ Ait ,a 4c. JA-\A 

AuficAuficAufi (4) 

! u' -4^ (4) ‘ (3) 

Au5=Au5 

:^VI £ji> AnB c= AnB ‘->4jV (iv) 
': AnB nA=> AnB n A (1) 
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\‘AnB^B=>AnB<^B (2) 

■ .AnScAnB u' (2 )j(1) i> 

;^Ui]| Jliall £jJaj (7v) Sjaill ^ (_5jLoLi]l ^Jic. CIiLjjVj 

(3.21) Jli. 

t = {X,(J),{a,c,d}} J jX ={a,b, c,d} u' 
d 2^2' c> <jla ‘5 = {£>,<7} j A = {<2,7>,c} '2 j ‘X cfflc- 


AnB = X 


A = {a,b,c,d} = B = X 


(1) 


(jlA ^aJ (j-a J 


Lttlu 


AnB = {b} = {b} 


( 2 ) 


. AnBqiAnB (2) j (l) i> 

ei& dllc-^a^, <AI C ALl^la ^j2o] 

l" '1 <~- ^\\ ^ Ajlg-Al -LaliLj ° ^ |alAaJLujl O'® ^aJJ 4Aj^)iaJl 

(3.7) 

<iakj p 4_Li2i o' . p e X ‘ (X , r) j' cA= jA? 

(J-S diil£ I i) AcX A_jj jsJl Ac. ja-\A\ (Limit Point) AA-g-3 <iaki jS ^1 jj 
O-a <_)iY' ^g-lc. aA^lj 4_laaj ^Ic. oQ'^- - ' p A JakAl A^jlLa ^ 

_4jt_L^a]Lj LbJaljj cAlj 0^ 0^*-2 J? /2 (1)^ 4 2 *<-n.*< A 

\/G er,p eG =^> (G -{/?}) nA ^ (A 
LgJ 0-®oL5 A ^ALouj A Ac-^a^-aI] (^'o^') JaLij (_J£ ^ r - j ^ * 
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^9 4 /a, A/a 



.d(A) J.A >jlL> 

A Wa"' 


( 3 . 1 ) 

( 3 . 22 ) Jli. 

cs^jW t = {X ,0,{a] ,{c,d] ,{a,c,d] ,{b,c,d,e}} u' 

v 

.A ■*>_?' ‘ A = {a,b,c}<^X ^ X ={a,b,c,d,e} 4^j^A' 

cM 

2^ 4 4 n 4 it ^ i 4 l-*Qi l**i mi J «gI ^ — laSjil .(l) 

Jalij Ls \c. isj^A V a 4-2=42' lsJ^ {a} e t 4^-jji4l 4^j,a>,a\ I 

V 

,a<£A u' cs'. a CP- A t> 
jV *4 — Sij A 4 — j^2' 4 — 3 — jlgj 3 — Lii b g X 4 — 1421 .(2) 
^ j X,{Z?,c,<i,e} b lSj^ ^ 4^>ii2' dUij^Al 

V 

. £> G A u' lS' . b CP ^- 2 ikj A t> l5 J*-' -24aj J^ic. ^jldi 

5 C--JA-S. /\\l t A <~- jj^-v 4] 4 4 L4j dl ui2 c ^ 2^ 4 2— «<a *1 \ 1 . (3 ) 

V CgX 43421 is lc. ^jdsu ^IjIc,^} Er 

V 

c^A u' ls' . c jc- < - ^2lkj A t>-24ij 
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Jalij d , e G X (j jl3-i<h\ l ij^ J-£ (jjS ij^a a£U]I J4AIj .(4) 
Jal £41 A r - J ^ 7 ~ «a ^ & A ^ r - j ^ 7 - 41 A jl^_4l Jal ij 14 _ A A r, j ^-v 41 

V 

.A = {£,J,e} 
(3.23) JH. 

j| J aAU. jjc. ={fl,Z?,C,J,^}u' (J^jA 

t = {X ,(/),{a} ,{c,d) ,{a,c,d) ,{b,c, d,e ] } 

V 

.A -ia-jl * A — {a,b,d] £ 4 l£ ‘X ac-j^^AI 


V j <3 j ^iA l l5j^ {fl} jV a £ A (1) 

. a cf- *• A,t> <_A l5j^ 

V 

(Jjl ^jaa^^ILa 4 )/' f ~' J •^■JA V AjV b £ A Jj^aAaJl ( 2 ) 

■ 211 ^ ^4 ialij c 5 j^j Ia$Jl« j X , {/?, c, d, ej 2 a /? “2=441 

: j iii A if 

({Z?,c,<i,£} — {/?})nA (X -{l?})nA/^ 

V 

£* \l cA^ Aj^jHaAl dllc. j-a^ail jV CG A ^3) 

.A (> Jalij j X,{c,d},{«,c,<i},{^,c,<i,£} 


{c,d} 


ja^a AiV d <£ A (4) 


. d Cf- « ■ 4ikj A,i> _>^c. ^1 V l$£l j d j^A\ 

.({c,d}-{d})rsA = (f) J cA 
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if* e \l ^ill 4 _^.jiLall L— lie, j.a^.a\l j)V £ £ A jt-'VAl ( 5 ) 


til . A (j * Jal aj 


4^ j X,{b,c,d,e } 


V 

■ A ={b,c,e } 

(3.24) Jli* 

V 

. (. x,D ) £^LLI g.1 x 3-»aU A A CZ X A A^.jl 

cM 

jxj A c\ .a\l (jl_3 i x G X 4-laaj (_J^ Ajli ^JailLa]! g.1 1 . ^3 <j| ~l» j (j^j 

uli leX <jS U* ({x} — {x}) c\A = <f> u ^ l>* j 


. A —(f) <jj^i <2=- j . x £ A 
(3.25) JH. 

V 

(^,/) ^aalLoll jjJlII g-l j. ^ aall Xjjailllj X Cl X A] y4 A^.jl 

cM 

(jlj 3 ^.j]| jUc. j ^ -> ^ \ l LaA X,^ u '(/'/ = {X,0} U* (2*j jpL 
— |^jJ jj| La a Ap>.j j . ^'ir. X ^£.^a^a]| dulS Ijli _ (jLi^.jiLa]l 

A r-jjs-*. /'ll ^A _J X '-> '•* ]| (_£^aj ^ill A -N. jj'U /\\l Aa <-v jj\I 4c.^aa-all (jl AaLS 

t „ 

* — ^ (/' j /? £ A (X — {p})r\ A = (f> u' A — ^ 4 — 2& j X 
f2 t>> j (X —{q})c\A^(f) u' ^ p u' ^- 4 ^ qeX ls jX\ 

. A = X — {/?} = {/?} u!^ ; 2alj q jl j q e A uj^j 

t 

. A =X (jl A^j Ujla j i. j^a jj^I (_£j^Jj A 4c._jAa^all CllilS |jl Lai 


90 





A = 


Alj tAj 

x-{p } if A = {p} 

X otherwise 

Cj-a j-Ai cZJ-^ A j - a> - a^ ' ji ji i AJi <_a!)lik (otherwise) 4 -A£j 

(3.7) ^ 

:j^‘ A,B czX u' j er^j^A *' jJaa ( X,t ) j' 

A cB CP A^B ‘-uA |j) (1) 
(AuZ?) =A ui? (ii) 


(An 5) cA nB (iii) 

jl& jJI 

v 

lA’hj AJij p e A j' cs' ‘ A Ajl^j 5Jalj p (= X u' (i) 

^^Ic. eA^.lj A ha'i ^Jc. j jiaj p A Jaklll j j (jt 4^.jaLo ^ <_)£ (jl 

(G\{p})nA^^ u' j' . p if- sAikj a i > JaVi 
; u' cs^j jj AJj (jla AcB u' Wj 

^(G\{/t})nAc(G\{/t})n5 

J L5* 

(G\{p})n5^ 

»_J j) aj P A A c.^a^_ai] A jLgj A LaiLi p ji el i*-a I.} &>j 

V V V 

.A c5 cs-i) jj \'s&jpeB cP 
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; ^Vl cs ic. Jjj-a^JI fjWiun (i ) ^iJI dAiil j* (jjj 

v Ac(Au5)^A c(Aufi) (i) 

v B cz(Au B)=> B c(Aufi) ( 2 ) 

: <j' (2), (1) i >j 

A kj B cl(Akj B) (3) 

V V V 

J;JC. ji jl CjLjI JjUJi cJ^juo (AuB) cAu 5 j! 

v v v 

■ ^ J (AuB) 4 JJC- >AuB 

V V V V 

ijAjp^B j P<£A jf Cfflj ^ j)i P<£AvjB j'j^jij 
jj£L) l— US>-J Cj,H G 2” jli^jlLa jtjC-j-a^a A^.jJ <jlj 

peG,peH, (G-{/?})nA = ^,(//-{p})nB = ^ 

jll (jaij j i p g (Go //) G r j' G*j 
((Gn//)-{p})n(AuB)^ 

V 

UJ^J ‘SAc. J p <£(Avj B) 

(AkjB) ci A uB (4) 

-: O' ^(4) j (3) t>j 

(AuB)' = AuB' 

. Ar^B cB j Ar^B cA j' <». j* (///) 
(AnB) c5 j (Ac\B) clA u' (/) Ai^uJi 

UJ^J ^ L>°J 
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■ (An5) cA nB. 

(JHaII ^jJaj oL^jVI 4^-i*a ^Ac. dlljjVj 

(3.26) JH. 

r -{X ,(j),{a,b} ,{b}} u' 

u' ^ ‘ B = {b,c}, A — {a,c } '4* ‘X ={a,/?,c} 

V V V V 

A C\B ={c} u' J\ j ‘ B ={«,c}‘ A ={c} 

(AnB) ={c} =(/) cP ‘ AnB = {c} J U? j 
.-.A nB ={c}cx(An5) = ^. 

(3.8) 

:ul^ Acl u ' j (X ,r) u'o^jA? 

V 

.A cA (jl£ |jl Jaa3 J IaI <al*-a Ac-^a^-AI (j^ 

V 

A ljA A^ja>a\i (ii) 

(jUjAl 


A c u' cs- 3 j lS-A-9 AJa uM ‘ X £ A u'j A_aiiA 


A u* 


4 ^.jSLa 


L^A A J*' 4 ll ol jjtA IA-A j Jg ^ ^jaLo 


uA <J^ j ‘ x £ A ‘A r nA = ^ j j x ALiAi ^ ^ jidi 

V 

.A cA d ^ 4 \ \ ^ \ 4 !->q i u' ^ A Aa&j 

V 

A u' < — 1 >W^j A cA ji cA 3 l s cA® 

j xeA c (jl t a^jjuj AIa d mj .Xai*-a Ac. -a 
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A^l (_g^J (Jr *U.jlU Ac. ja-\a A^.jJ 4_jl oLi*-a lUj X A (jl <Al (_£-SjJ 
X " 

x g G, (G - {x}) c\A = (j) 

JC 

.G cz A c d j‘G r\A-(b A'‘ x^A u^j 

X X 

^j] i * n-v i 4 -v Q ^ 4 n. ^ ^ ^ i X G A C <_1^ Xj| ; elUa lillij) 

JC 

} t # 

Ullc. j-a ^-0 jUjI Ig-jjS] I ^)Jaj <UjlLa 4r. »Q A° (jl (A ( G CZ A^ 

X — 


(AuA ) c J 


<aii-a A CZ ‘U.jSLa A C A (j-aj G A^.jSLa 

X 

v 

A 4u AuA u' uLUjV (ii) 

;^L US AA j 4^jlU Ac^a^ 

V V V 

x^A u' '-^ jx^(AuA) ij)‘xe(AuA) f J AA 

V 

4_3li t ^ A Ac^a^ai] Ajlg-j xla&j (. uJ x u' A) x^A u'A’.x^Aj 

. u G^ . A 

x e G , (G - {x}) r\A = (j) 

A A 

fAij G cA c jJ^jj^jG r\A = d> A‘ x^A u^j 

X — - X 

^Ajlg-j^ ^»SIA (jjSj (jl j)S<aJ V G Ac. j.a^.a\l iallj ^lxi 7 > (jl IU (j-a 

V V 

. G^ u (A ) c ^ t> j G^ n A =(f) d A 1 *^ I^jA^ j^?U] 

x^(AuA) d*l fy 


d A .G ^<zA c n(A) c = (AuA) c d 

JC 
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Az* l^jls j (jr A^. ^ii-o Clilx. ^L^jI (i4.^Ji4. ) < ' 

JC 


|_ Aili-a ^ r - J ^ a t _ ? A AcA ' ^.aIxAx (jl l Wia j ojjAj I^A j A^jAa 

(3.9) ^ 

! U^. (X,r) £^Zaa]l (_> 4-iJ j2k A j' O^ 3 J*9 

A-AuA 

ij[jti^A\ 

V ? 

| (jli ^»J (_JA j (3.8 Aili-a ^ r - J ^ A AU A 4 -C-_ja^a]I ) Vji 

AcAcAuA (1) 

. A a] I <alsLA ^ >. «al ^jA A (j^ ‘■"'C 

^a L^jjL^j JaLij (_J£ A (j^-3 AilitA ^ A 4 A cz A ! LA-* 

: u' cs' .(3.8 ^j^j) 

(3) 

: u' -iaj ‘(3-8) 1>3 AcA u' ^fj 

(4) 

: u' ( 4) 5 ( 3 ) ,jA 

(5) 

f V f { 

:uMcA u' AcA u' cs' 

(6) 

V 

■ ,A = AuA J c^- ( 6 ), ( 1 ) 


(A) cA 


A c(A) 


A c(A) cA 


AuA c =A 
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(3.2) uuU; 

^ t^AsfJ 2 <_&^r = (i?,^,(a,o>) :a e7? } 3LUJI ji cjjjI .(1) 

| 4/^ 4 <a<a-N.\l jl.2C.VI ^f~-J^ <Q 

_ R ^_2 4a\» ^11 dllc ja^aj'i J^jl • 

(3,7) j (2,5,9,... )^jl • 

; jl cIujI • 

. [3/7) = (-00,7], {5, 33,56, 85} = (-<x>,85],{2,5,8,... }= 

<J4dj. r = {N,(p,E n = {n,n + l , /2 + 2 , ...,}: n e TV} 4LUJI ji CIijjI .(2) 

d 'I r - J ^7~ a] I A^.jl 4 ^ 4_latAlLa]l jljC-VI <Q 

{7,24,47,85} , {3,6,9,12,...} ^jiV 
dijl£ lit <jS dujl .A,Bcljj cr?-. jJjJ *4jaS (X,t) d O* 3 .(3) 

AnB cAn 5 jls ^ ^4 

u' A,Z? c X d j ^Ldaa (x,t) u' o- 3 j4 .(4) 

A-B^A-B 

,A,B<^X d j^jl jJjJ (X,t) d <-4= .(5) 
A — B (£ A— B d ^JajJ V14« <*da 

ClulS |j| Ja33 j lj| 2^ (^3 4 jjj£ jj£j A j-a>.a\l jl j)A^)J .(6) 

,A C n(A’) c =(f) 

t = {(a,oo) : « e R} yj{R,(f)} ^4^ ( (R,t) .(7) 

aAjj£ dilc. = {2,4,6,...}, B = {1,3,5,...} 24^ u' ‘-“SI 
.R 4i2S di^iJ c = {- 2,^l,-6,...} 4mj R 
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— vidlSlI 


4 ^a<'<w\l j|^c.^| ^ r - j ^ 7 - 4 j_j-a A-l^J-La A_ijA^ ^r.j^ ^ (_]£ (jl j_jA^)J .( 8 ) 

_ ^lc AjjlAI A u«*i\Ij 4 a\» /\ 

Ar. JA-*. A ^ya 4_l^JlLa A_ 1 J^^ 4r. j/'-n ^ ^ dljl£ lil A_j| (j4J .(9) 
. CS^" AjslAI AjjaiilL^ A = (f) (jJ-3 tA <a <a-s.\l 

(_>a AijUi {A}. £/ tj' (X,r) O' O^J^^IO) 

; jl i X O'® A-iJ_}^Jl dllc-^a^aJI 


(0 (uA) = uA 


(ii) (nA) c= nA 


z=l 


=1 


00 00 

(iii) (uA)duA. 

i=i 1 i=i ' 

^ jill Ac ^ Jc aA AJ ta cl : P(X) -A’P(X) J 1 A 3 j^f.(l 1) 

;aj]Lj]| AajjjiAl 1 * .' P(X) 

(0 cl((/>) = (/>; 

(ii) A ci cl(A), VA c= X ; 

(m) cI(A^jB) = cl(A)'Ucl(B), \/A,Bcz X;. 

(iv) cl (cl (A)) = cl (A), VA c X; 

jjjpa a] I -ill oAa 

aAjUJI (jl 

3 = {GcX: c/(X - G) = X - G} 

.■A^J '-^J X 
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JalSjj <_l^.jl_kJl j A-lLklAl Jallil! ( 3 . 3 ) 

Interior, Exterior and Boundary points of sets 

JL LaJS . d '1 r - A] ^a£l j]| JaUb /-■ Loj 2 LiS jC. (jl .Axj 

JaULi]| jLa dllc. Jatajll (jA (j j^.1 Ic-ljjl ( IjjXJJ a J 1 x u 

..y^.wll JaliLl j 4_l^3_iJl JallilS j 4 ;i-N 1 "'ll 


( 3 . 8 ) ^u*j 

. X O'® 'J’A? 1 A J (X ,r) (J3 

3] (interior point) A < 4 li.ta ^-^alj 4 p gX 4-Li3l (i) 

. P (E G (G A (jjLj dn-N j (~} 4_^.jlLa 4_bA?- 4r - -a i"vW j 

LgJ jJ 4 A < 3'**’' ^ <_s-AjA A A\ 4 3^1^! Jatajll (_)S 4 ^ jj/'-n ^ 

.int(A) j' A° j*Jh 

A 'Ac. ja>a\\ (exterior point) 4-^. jA*. <3aA tir AjA 4 qGX 4-L13I (if) 
(j j £j di in ' p[ 4 ^.jLa 4 ^ r - a dd 13 

.qe(A c )° o' J .q gH cA c = X -A 
. dxf(A) j® JLj IJ 3®d^ A ^ 4_i^ JaJI Jalsill ^ 

Ac. j<><" (boundary point) 'SP . r G X <1=131 (iii) 

(jl (jl .<A^.jl_k 4 LVi C-LjA j 4jUh 4 lalj dbaA y dbl£ 13 A 

. r g X - (A ° uexf (A )) 

^ 7 (A) 3^0^3 A <JJ j^Jl 4 r- ^ a -n a i i 4_djAiJl Jallill if-j^N a\ j-ajJj 

. A 4r.ja'v a ^ajuoJj 
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— vidlSlI 



(3.2) ^ 

(3.27) Jli. 

r = {X,(/),{a},{c,d},{a,c,d},{b,c,d,e}} j^l 

1 A = {Z?,c,<i} u' j ‘X ={a,b,c,d,e } ^ 

; (ji (j-a 

(1) A°={c,d) 

(2) ext(A) — (A c )° = {a} 

(3) fr(A) = {M. 

(3.28) Jl^ 

JJC. 4_jli 4 ^JaiLa]| «.Ljaa]l (2^,72) (j' 

. A° = A , ext(A) = A c , Z?(A) = (f> Acl ^3^ 

(3.29) J15- 

4x-j-a^a (_^V Aj\i 4 ^JaiLall c-Ljaill (2^",/) (j' 

. A° = (/) , ext(A) = (j ) , £>(A) = X u'-^(A^X)AczX : Spj^ 
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(3.10) 

: jlcl j WAwjj *1^ (X,t) oCi 

. A j* 0 Ajj^^JI _J A^jiaAl d '' r - J Al <_1^ jL^jI jc SjLjc ^4° 

_4_^.jlLa ^ y4° (ii) 

,GcA° jU GcA j' Ac^^a G 'a' (iii) 

. A — A° Asia (jlS lijj lij A^.jiLa (jj^j A Ac. j^^Al (iv) 

jUjJI 

yA j<a Ad^iJlj 4 — ^.j1Aa]| d '' r - Al J£ AIjIc. {G.} (j 
(jl dn*\J G cA A^.j2La Ac. j.a->.a A^jj Ajli p (= yA° jl G 3 jiij (i) 

peG c zA 

jl J) IAa jli ^2 j-a j p g kj.G jlaG g {G ; - } jl I-g? 


A°c=u.G. 

— / / 


( 1 ) 


JAVI (^ic. Aa.jJ Ail ^Jl jdjJ I JA j g G kJ^G j' G 3 J^ 1 4 j j^' Aca.U j» 

. <7 <= G c A j' j' - q A kVi\ l (j jdisd j G cz A A_^» ,jSL» A_c 

li] t ^ g A° jl jl 4 A Ac. ja->aI\ Ajikb AJakj q jli g°j 

( 2 ) 

; jl AaJ (2) 4 (1) G 


u. G- c= A c 

Z Z — 


.A°=u.G. 
z z 


100 





.4ja>j2La Ac-^A^a A° Lp A° = u' ^ (ii) 
£ t>>j Ge{G.} A l>° j^-j G u' ^ (iii) 

.Gcu.{G.} = A°cA 

A (jl j A ‘‘A' fa) ‘ A° = A u' iA=>j (iv) 
i> lU ^1M ^ ‘AcA j' ^ AiVI £-a 4_^.jSLa ^ r - J ^ «a 

i.A°=A j^‘A°cA j^j AcA°i^ 

(3.11) 

: ufa A,B<^X j Wj^A (X,t) u^A 
.(An5) 0 =A°n5° (i) 

.A°uS°c(Au5)° (ii) 

:^Vt ^ (AnB)°=A°nB° (i) 

(Anfi)cA^(Anfi)°c A° (1) 

(Anfi)c5=^(Anfi)°c 5° (2) 

’i (2)J (1) i> 

(An5)°cA°n5° (3) 

<c . I (j £1 j . A° n5° c= (An5) ufa 4 A° cA , B° c5 u' A 
4 _^.jjAa ^ r - J ^ «a ^}j£l ; (AnZ?) oljU^-a ^ r - J ^ «a A° r\B° 

.(AnB)° ^ (An 5) A 
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i>jA°nB°c(An5)° cAn5 4) 


jl Jjjjll ^9 A <a. 


A°nB°c(Anfi)° (4) 

.(An5) 0 = A°n5 0 <Jc- lU^ (4) j (3) i> 
icAVI ^ A°u5° c(Au5)° (ii) 

Ac(AuB)=3A°c(AuB)° 

5c(AuB)=3 5°c(AuB)° 

A°uB°c(Au B)° u 

_Laj|j 1 -v <-n. l (_)-A (_gjl j. jAI (jl <_]Iaa1I 

(3.30) 

T = {X,(J),{c},{aM } J jl = {a,^,c} u' <j±jv 

u' 4k. B = {b,c}j A = {a,c} u ‘X 4 j^Al 

ul^j Au5 = X u^j A°={c} , B°={c} , A°uB°={c} 
.(AuB)° = Xct(A°uB°) = {c} J gA (AuB)° = X 

. (AuB)° *(A°uB°) 

(3.31) JH. 

J (4 (_> j Akj B = [0,2] j4 5 = [1,2] j A = [0,1] j' <_k 
L4.(Au5)° = (0,2) j. B° = (1,2) j A° = (0,1) 

. A° u 5° * ( A u 5)° 4] . A°u5° = (0,1) u (1,2) 
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— vidlSlI 


(3.12) ^ 

: AcX u ' j (X,t) l£A 

(0 (A) C = (AT 
(ii) (A°y=W) 

q \* p G X - A d L>= jA (0 0 J^' <-A$ ( 1 
/?eX-A<=>x£A<=> 3G e r,p e G:Gn A = ^ 

<=> 3G er,peG:peGcA c 
<=>P^(A c y 

(A c y =(A) e u' cs' 

■ . s-i. j^aAl (^c- (i) ^ B = A c jj (zz) ® j^A' < -A$ (2 

(3.13) 

;4 qWi . a AAlAl (j-aljiJl jli 3cX (jlj A (X,T) (j^A 

(i) b(A) = An(A3 
(zz) b(A) = b(A c ) 

(z‘z‘z) &(A) = A — A° . 

jU jAI 
(0 s jiill djUiij 

Z?(A) = {ieI:i^A°Ai^ <?xf(A)} 

= {xgX:x^A°ax^(A c )°} 
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= {igX \ x£ 

-{xeX :xeA c axe A} 

= {xgX :xeA c (A A} = A C (A A. 

(j-a ^^jIj (ii) S_jSall d \\ nl 

(Hi) o jaail diLuj 

b(A) = A c nA = An(A°) c =An(X-A°) 

= (AnX)-(AnA°) 

= A-(AnA°) 

=A-A°.m 

(3.1) 

.Aiii-a ^(A) AcX jj ^ (I,r) 

■ . £>(A) = AnA c <j' ALLAI AjjiiAl (j) s jlill diLuV' 

(3.2) 

A = b(A)yjA° iM AcX u'j (X,r) l£A 

jU jAI 

(jl ALLAI AjjJiAl (j^ (»7) o ^ A° cAcA u' ^ 
A° ub(A) = A°u(A-A°) = A.u 



104 





(3.3) c*jU3 

L^iic. u_a^ j t X = {a,b,c,d,e} '\' .(1) 

t = {X,(/),{a},{a,b}, {a,c,d},{a,b,c,d},{a,b,e}} 

: t> J ^ ^jli 1 5 = {£>} j A = {c, J, e} 

ex/ (A) , b (A) , A° , ext (B) ,b(B) , B° 

.(X ,D ) »Ljaill ^ A Cl ^ (/V b (A ) ^ j' .(2) 

_4_^.jiLa ^ A Clul£ lil Jaifi J b(A) a A c u' CA jt .(3) 

_Xali-a Xc. j-a^-a A Ijj -ia£3 j |j| £>(A) CZ A (j^ -(4) 

<al*-aj 4_^.jlLa Xc-j-a^a A Clnl£ lil Jaa3 j lit Z?(A) = (j) (jl -(5) 

. j' lA 

A, 5 cl u'j es^jfA *4^ (X ,r) <j' lA=>j .(6) 

: u' lA Ji • 

(1) b{AvjB)^b{A)vjb{B). 

(2) ex/(A u6) = ext (A) n ext(B). 

. b(AuB)^b(A)'ub(B). u' Jli^j • 
lJi r = {X,^,{fl},{J},{fl,J},{Z?,c,J}} j' lA=>j .(7) 
Acl ^ A?- ^ . A = {a,b,c, d} ^ ^ic. 

. A" = {a},ex/(A) = {<i} ,b(A) - {b,c } , A = {c} uj^J 
. A c n(A ) c '->] 4ais j x lA u' .(8) 
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Bases and Subbases ^ j? 3 l • ic -' j ^ (3.4) 

cs-^C- l LljatJ j_j^aJ 4_j| (_] . ^»a\l ILa 4_)IAj ^^3 Ljjlj 

lA a\» ^\1 i"'1 <~- j ^ 7 - .all jl A s-jit dl dllc-^a^-all ( Cfi" X 4_i]La. JJC- 

aIa-uij A -. aj A^.jJ J -^3 ,^jl aaVI (_j^aju ^.3 4 _Ajt ■ -*-» (j^£j A 3 4 _aj^jia]| eAA 

_? 4Jjjuoj]| eAA JJC- ( _ s -^.j]jJjl]l 

<3^*-a (_j-C- dl_la j Ic. t Sj_*Al] 4_aj^}la A^.jJ 

(_)j:IjujI jl aAC-UL ^-ajujJ La ^Aj 4_^.jiLa]| dllc-^a-^. .all (_j>j ^4rd . .a I 

.^j^jJj^' (Base) 

(3.9) 

P ^S^ajuii . T 0* 4^1 ^ J - a > - a f5 J Ll2k.jl JJjJ «-LjaS (X,r) (j^4 

Jj^alic. ^_y a _J4C- j . .ajc- <_)£ (jlS 1^1 7" ^LjjLjjI jl ^ oAC-Ui 

^sjujI 4_llc- (JjilaJ P ^3 ^Jj^ajc- <_)£ _ P ^_ya jj^aljatJ aL^jIS 4ajIj^ ' y 

(3.10) 

r 4 X 4-ilLa. _JAC. ^ r - J ^ <a (^glc- LolLoll P (jlS IaI 

UJ^ X G /\\l |^JLiliS 4 a . ^-i j ^ ' p alkali 


<j2-*d A^jJ G yr* J (G-£ '4 (G E r u' (/' ) X es-3 A^jik* 

xeBclX tj e P 

(3.32) JH. 

yr^J^i 3 r = {X,^,{<2},{/7},{<2,Z?},{c,^/},{<2,C,^/},{^,C,<i}}u £ 2 

:<j^ X ={a,/?,C,J} A^JJ^W J&. 
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— vidlSlI 


. r s^c.li J 1 «j /3^={{a),{b}, {c,d}} (1 

. V = {{a},{b } } j^?^' (2 

(3.33) JH. 

_L^ JJd aj] (a-ic-li) ^Luoi 7 " > C»4 l 

(3.34) Jli. 

(jl 3 i X ^ C- j-a>.a\l ^ 1c. jX-JaiLaJl pi Caflll (X ,2") (jl— ^ ^ l^j 

.^iaSlail (a-iC-lS) (jAuil ^ = {{i}:JGX} A£-j^>a\I 

(3.35) Jli. 

<_J£ jqjq^ll ^^Ic- (/?,Z") »l <_5-9 

AjV dljj i (^AjIsVI ^o^c-ls^ (__)jIjuoI JS. jJuj A ^jULall diljiall 

4_^.jlLa ajlS A^.jJ p £ Jp/ 4_Laaj J G T 4-^jli-a ^ r ~~ J ^ * 

.pel^H u jSj <^j=h ‘/ = (p— f,p + £r) 

(3.15)^ 

A CjIc-^a^-pII (_j-a 4_ljlc. j^ j pLjaS ( 2 ^,Z") cJ -*4 

4_ij^^. ^ r - j ^ 7 - a (_ 1 SJ clA^ Iaa3j |j| j p (jli 

(jl Cl 1-\ 1 P (j_» P (j^L-ml Jt^i’ic. .1-^.jJ X E // j—i^ajc- (_J_£Jj // 4_^.jjLa 

xeB(zH 


jU j2! 

Aaj J*j]l ^ 4ili . xeH ET J r Jjil 6-ic-li P 

u' ( -y a ^ i eI <j^j j. H = ej{B. : 5. e /?}u' 

o iGl 1 1 ^ 
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.xeB- a H 
*0 - 

d B ej3 xeH <j' j H et d d 1 ^' ^ 

Ji 

^y^iAC- j iii ‘ H~kj{B :xeH} d ts-Sj <j*5i j xeB eH 

x % 

ujI P (jl dll JjJ j_A ld_A j P (j--® j J-a Lit jl dil (j— C- op JC- 2" j_^a 

U.T 

^ajVllI JajjjoJl ^A La | (JLuiJ (_JjLuj 4 Alia'VI ed <_]£ dtJ 

(_)jIjujI (jj^J (__5^ X (_j3 Ad j^Jl die- j^aa. .all j-a A_l_ilc. ^3 La^jSIjJ 

I^Ull <_JLLall JI>JI IllA A_Lakl jla ^JjLIj _La 

(3.36) J>i° 

f3 = {{a,b},{a,c } ) j ={a,b,cj o^*l 

kjjl ^g_A o^A P (jl Lida jisl p j m X (j® dlc- jx'N.xll 

r ^ {a,b} ,{a,c) L>* uj^ d 4 r <j^ j X J*- ^ 

Ldaji L-a^Jiialsj j^j-fLl (jl l— l_a-l3 » J ^^.^jJ^jjill (jl jjdt 1 ,ag 1^£l I j_idj 

.{a,b}r\{a,c}-{a}ET d ^ 4 r ^ 

I^J _ P j-a l d V- j_dl£ A_ic. j-ndll j£>*j V {fl} j ''T* " _J 1 d» 1' l-^A jl VI 
I^Lill JajjLlI Ad j3jll jl L . '~>J P jldH dc. Idle- c_L2lJ 

B,B eP^>B nB = u{5. :5. e /?} 

\ 2 ' 1 2 l l r 

jV (_JjjLujI j^j£ll jl ^Ldi v ‘LLjiJl dlc-^A^-all (ja A_ljlc. (_jli tlil 
:^U1I A ;jL - '\l Jjld ja oljj t a^jjuj La IllAj l (JjjLudll Ja^Loll d '®<w |j| VI 
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— vidlSlI 


( 3 . 16 )*^ 

P (jli _ x l>° ^jc. dilc.^A^-a]l (_j-a aIjIc. p ijfiZA 

-; (_jl^ I jj Jais j lit X T (_)j)IjuoI 

X=u{B:Be/3} (i) 

P u-* ^UJl£ u^. <&*<■ B^B^efi up (ii) 

<_j' ftcy>B ^ jp ^jj peB t nZ^ J£1 tP*^f j' 

.peB n (zB C\B 

^ p — I 2 

AaJ ^LujVI <— (j-a . X ls^T P u' (J^ 3 iVj! 

(_^l _ ujVI (j--® J-^U*J ^1 VilS X (j -£• £ 7" (jl 1 aJ 

P B ,B ez oP ‘B^B^eP tej .X = u{i?:Z?e/?}<j' 
.B r\B =u{5. :B.eP} J '^> j5 c\B ez oPt. 

1 2 l l r 12 

C^' X 4_JLaJl jjc. 4_ij^^JI d '1 r - «all (_J£ aIjIc. p (jl (_j2a^)ij ■ \_ijtia 

(_j-a 4_Jl_aJl ja C. d '' r - J ^7~ «aJI (_J£ <Llc. (jlj (;7 j J (j) (j^ja^dll (JyLdi 

(j' P ■ P L>° Ig-ic. X 

r = {G c X : G = u5. : 5. e /?} 

ii 

^jjLujI (jj^i p j x t u' ( — 'W^' jV' Jj^j 

iajjd j_j^a (JjVI iajjioll 
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j' lS 1 


<zie/? 


j» 


rh — ( )fh /'il La-i a Y 




k / *\ 


. X,<f) e r uj^J < S^ C ’ j P l>® -^-=Lil£ Ig-ic. 


Jajjjjj (_j-a ^IjII Ja^judll 

ul^ ‘ G,H <ET j' G* 


H — yj {B .'.Be f3) j G= G{B. \B. g/?} 

jeJ J J iel 1 1 

j <=J <_1^ j i el ^i ^ ^ C y* j 

GnH = (vB.)n(v B)= u (B.nB.) 

iel 1 jeJ J ( i,j)elxj 1 J 

j-c- a jW^ Gn// jj-a ‘ B o-a .sUJl jc. S jLc. (B.nB .) j 

^ » ; 

. G n H e r jl ^ l>° j (3 G* j^-a c . .sULl 

UJ^J j G. = u{5 '.Be ( 3} iel L) .Ger u' (J- 3 G 1 
.uG.er j (3 g* jUli j& s jLc. u (3. 

iel 1 iel 1 

■ . f3 a-uLu>\ <J>c. x jjjj r j' (/' 


X ts-Jc- r (j-Luil ^ o^-S ,4-JU jj& 


( 3 . 17 )^ 
X j' L>=J-^ 


;<jal£lLa -LjjjoJI (jli _ X cs^ c " f 

2 ~ ' 2 

. r 0 t> (finer) jj^ r (i) 

‘ x c 5 B 2 g /? 2 <_hLJ ^ ika j£] j xeX (ii) 
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— dJlSIl 


XGB cr B, 


1 


2 


U 1 


C. Ll^J 


B. 


A 


^jjAjojI ^y. 


in 


jU jJI 


d 1 — ^ x& B 2 J <■ *< j^j B ? gj3 2 j xgX J o^j— ^ («) <= (0 
/?! u' U? . P c r jj^ i> j t>a ‘ /? 2 c: r 2 




fi. 


A 


S a c- lfl 


> 


> ic. 




A jli i f ^g^-j IjJjjil cP jujI 


(0 <= («) 

lP 3 J^ 1 ^i <d) J.H GT ' j' ^Wa' j J H GT^ u' O* 3 j^ 1 

j ^c - ?-jj 4 — jji ‘ r 9 ^j— ! I P \ d 1 — ■ xgH d 

j ^ jj 4-j' (ii) ^ <j-* .xgB^cgH d '■ ) :X'} B r) g /? 2 

lSXH li_a > j xgB^cgH uj4j tin® j xe^cB, ji < -4^ ^ e ^ 
■ ■ r i> (finer) cSja' UJ^ T u' cs' ‘ H G r u' <d) 

(3.11) ^>5 

4_^.jlLaJl dilj£]l 4 _IjIc. _ x <j 5 -ic. <iLui<j ^1 j d '. X x X — > 7? li) 
‘ X cs^=- o^' P = { B{x,s ) : x g X,s > 0} 

d AiLuiAil 4-1 Iaj (_£jaa!I 

(3.12) 

Ii) JaSa j lil ( Metrizable) lSP* 4_ji (X,r) I »l cM) 

.X ^^Ic. AiLuiA <llj 4 li , ,il )^]^a 1 


ill 





(3.37) <Jli- 

4-llA jl d n*\ ; jLallll c-LjaS _jA jAjlsVI ^g-a^^jAll c-Lda^ll 

_ n Alll*-a]l a]jJ ^gjll 4_iAI*J| ^iLod-all 4JIA 4_ilc. 4aLula1I 

(3.38) JA 

4J|A jl CllAa. ; jLalil] (_Jj^ S-l-daS (X , ^lailLall jill c-LdaslI 

jlit X (E X 4-iV jlaiui]l ( _^.^]^Jja]I a]jJ <_5^l <_gA 4 jg jAjll ^aLula]! 
B d (x,l) = {yeX:x* y} = {x} 

Ar.jss-s. s, ^A jj>^ai*Jl 4_lAl_a.l ^ r - J ^ A jli ^aJ jAj 4-a. jiLa 6 ^A 
_4_a. jiLa ^ ^^A j-a 4_1J 4 * qp\ j-aj 4_a.jliA 

^Jc- L_fl_kA3jJ jl j^-aJ P (JjLujVI-J A^all ^g-^jl^jAll jl liSjC. jl A*J 
j^JLl A3 (Jljjuj C-J^S . P SJC.U1I j-a ^jj^aLiatJ A Ip. jl^VI CllljLijVI j-a 4_lllc. 4_ii 
LaL&j LgJ 4_l£ALa ClllatJalij LiAdS j 4_1J jaJl dllc.^Aa-all jA 4 t-.l > USaj IaIa 

dlLauLuj V I jA isAjAa. 4_£.^j i ja2 LiAjAl JI>JI lAA _V4_ljLndVI CIiIaL^jVI J2a 

_4_iijaJl (Ac I jill) dll x ‘'I j. "VI ^^ajuii i ^Ac-l^jS]l^ 

(3,13) 

LujLujI jl ) ^4Jj^ oAC-li (^j-ajuii 5 1 cr ^-1 jI-*JI 4 Ia 2 >- jIjJjJ «.Lja3 (X,r) j^l 

jA l ^ al ah \ 4-l^JlLa dllat Jal AJ jA 4_dilj]| 4 _IjI*J| CliilS IaI J ^LlJ j^. 

. T P j^' S 

^Lalij jc. SjljC. P (JjLujVI ^jAAalic- j)A /J (_)j:IjjjI Jas l’lC- <_]£ jl ^ 1»J lAAj 
lax j ^gJldJl ^ialal]l jl jljJC-VI ^g3 AdVl £a $ jA 4JlLa AAaJ 

. X 4-C-^a^-a]l 
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— dJlSIl 


(3.39) <J5- 

s_HJio!— ^ 'n={X4, (a), !&),{a, bj}j X = {a,b,c,d} as li) 

c:L«J=lij liL . r S-jjj?- JS-^a s = {[a),[b},[a,b ) ) 

LaS p a^C.LE]| S 

{fl}n{fl}={d} , {£}n{£} = {6} , {a}n{b}=(/) 

.T = {Xj,[a},{bUa,b}} /?={*, AM.W} 

(3.40) Jli. 

o-u-i S = {{<?}, {<:},{#, Ml Ja 

r = {X,^{(2},{c},{a,/7},{<2,c},{a,^c}} 

.X = {a,b,c,<i} ^ 

cM 

S = {{a},{c},{aM} 

{a}n{fl} = {a} , |c}n{c} = {c} , {fl}n{c} = ^ 

{a,^}n{fl,/?} = {fl,^} , {a,b}n{a} = {a} , {a,b}n{c} = (/) 

S '3 ■ t /3 = {X,(/),{a},{c},{a,b}} u' 

■ LS^j^ O^' is* 

(3.41) Jli* 

S = { {a,b} : a,b eX} ‘ ( X,D ) cLJaill 

( j^a jij lilli _ X D (cSj^') <^3?- L>“^ 

o 4kL ^JaSlall ^ j] jJjSlI . X — {d,b, C} tj' 

D = {X,(/),{a},{b},{c},{a,b},{a,c},{b,c}} 
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■ D <j-LJ JUj S = {{a,b},{b,c},{a,c}} ^*1' o\* 

/3 = {{a},{b},{c}} is* S Ajg.nJ I djULlii]! jV 

. X (jM- D i_r?- jl 

(3,42) J15- 

u l> u '- u1 ' JA*-* S = {(-oo,/?),(<2,oo) ; ci^b e. R} 

A A^JlLaJI dlL*. Uftll jV ** <a<a-N.\l ^ r - j ^ 7- <a ^^Ic. 

^ j P = {(a,b ) = (-oo,b) n (a,oo) : a,b ^ X,a < b} 

.R u i_)Xd 

l" 'lf.\ l >»a\l aLi. 4 aj^atlj ^g-l^^Al (_)jjIjujVI ^ j t. i 

js.LiJaall IAa j (zero-dimensional) lS d*j jA e-ld^all 

4_Lajljia ^lill L " t . ^aflll AjjjIjJ Aic- .AaJ LajS 0^)11 JjJjoj 

(3,14) 

(_jc- ojLjC. AjjjLuj! jl AjjjLujI ^Jj^aljc. (_^2l ^^jl^Jjll eLdaall 

t-\ da3 jl e-AaJ «.Lja3 CllS^ll (JjAJ ^3 Aili-a j A^.jHa Clllc.^A^a 

.(zero-dimensional) lS 

All.! 

, -*-< ,3*J jj ^LiJaS _jA A dill d 'If.l l >.a\l ^l_da3 Jl 
i ^-klla jjill f.l j. >» all j ^Husll g.1 j. >»all 

cLjaS j&A<et<=>A c <et J dn^tj (X,T) (>?“■ _4 <-J^ (2) 

o-AaJ 
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— vidlSlI 


Product topology (s-O^') (3.5) 

Ja . cLjaS ( X 2 ,T 2 )j (XpTj) l> <j^ '\' 

LajS _? X X C_JjjJa]l Ac. «a ^glc. t dijj^da 

La j ILa <_]lLa ( A ( S^jjuj ^dj 

(3,15) 

.^jIjjjj *Ljaa (X 2 ,r 2 ) j (XpTj) i> <_£ j' 

^LuiVLj .a! ja]I ^ jl JJ>dl jA XjXl, 

f3 = {U xV :U e r p V er,}. 


ft 

i ' 

.- 

\ 

N 







^5 


s 

/ 

1 

bn 

; — 5 

* 


( 3 . 3 ) 

(__)j:IjujVI ILa (jl 3^113 licO ILa 4 -iaol^p ^^3 jjjudll <_)j 3 

X x x X, is^- 'Jijfi ^*3 J* 

L>° J /? C> dili jXjXX, G /? jV (ji^ia ^LiibU JjVI da _>Lll 

. X 2 e r 2 , X, e ^ uj^ 

(ji l— Laa. B l ,B 1 G dljl£ 4 _jV jjiaJLa (jjLoibll ^Lill da^Ldl 

B l =U l xV l ,B 2 =U 2 xV 2 


•)li 


a 
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S 1 n5 2 = (C/ 1 x\/)n(C/ 2 xy 2 ) 
= ([/, nt/ 2 )x(V 1 nV 2 ) 


= C/xV 


= 5 3 ey? 

j ‘ X, cs^ r, u' ([/, n[/ 2 ) = U e r, jV ^ j 

■ t 2 J (Vj n V 2 ) = V e r 2 

. X, x X, t^ic. ^ j] jjjSil (j^-ul p lit 


(3,18) ^ 

T 2 L>^' P 2 jX l c 5^ L>^' P x U> 


iAliUJl .X 2t > 


p = {B l xB 2 :B^p v B 2 ^p 2 ) 

.x,xx 2 (^c. (_>uiuii 

,jUjJ! 

u> L ^ 5k ‘ q eW u' j X^X, ^ a^- A c. W o' o- 3 j^ 1 
OS.JJ Ails iX,xX 2 C 5 ^- i> . g = (a,&) 

jj' U xV pt-Vic. 

g = (a,£) e £/ xV c= W 

u' e /?, t x P x u' ^ J 


fleBjCt/ 

u' c "u^J B, <= P^ ^ y ^4i 4 r 2 <j^' /?, u' ^ j 

b e6, cV 
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— dJISIl 


J ^ B 2 e P 2 j5, e /?j 
q = (a,b) e B t x B n <^U xV <^W 
^Ld ^_a ft = {5, x Z? 2 : e /( , B n e /?, } u' y4*^ J 

i.l,xl 2 c> 

(3,43) JH. 

jIjjlaII ^^3 A ~n- jlii A I dl jlill <_J£ aIjIc. (jl d» j (_j d 

aIjUJI jldc-l (j^J ^gic- ^Uj. R ^jJc. ((_jdlaVI) 
/ 3 = {(a,b ) x (c, J) : a<b,c< d,a,b,c,d <=R} 

.RxR ls ^aRx R ^4^ GAjJ JSdi 


^g, urn ill J Ad^aJl dlc-ldaidl (3.6) 

Subspaces and Relative topology 

(3.19) 

aIjUJI . X Cy* Ajj ^ j - a > - a A j es-r^j^ (X , r) u' o ^ 3 


r A = {GnA:Ger} 

_ A Ad^^Jl AC-^a^-o]I t _ s -lc- <_JiLd 

^jlA^gll 

d!>HJi iajjd]l (j-a^-i x = {GnA:Ger} a_1jI*JI (ji dlAl A^jAI ^ 

A 

\ jq \ 
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(f) = (f)nA j A=XnA 


^9 A*aSLa 


(i) Vji 

jV A,(/)ez 


.X,(/)EZ d 

(ii) -^j^' ^ 

u' G,H e t d ls‘ ] V,W e r iA 4 

A 

W -HnA, V -GnA 
ji a^j \A 


V nW = (GnA)n(H nA) 

= (GnH)nA 

.V nW ez uj^j A i> j GnH er cP * G,H ez u' U? j 

a 

(///) ia>uJl tjilj 

A=kjj V. EZ < f t>° <1 jIc. {V . } . T (ji <_>a jii 

’ i a a i iel 

u.G.er Jts^ G.er j/! .V.=AnG. oj^.^^G.ez 

iii i i i 

m.Kj.V.Ez . d cs' u.y.=u.(AnG.) = An(u.G.) uj^j ^ t> j 
i i A " i i i i i i 

(3,16) 

uA?- . X j^- A J cs^ j 1 jJjJ (X,t) u' lA 3 

(relative topology ) ls-*^ T —{Gc^A'.Gez} 

c> (subspace) ^ j*- ^lAaa (A,Z ) 

/I 

.(X,r) ^bAaa]l 
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— dJlSIl 


(3.44) Jli. 

4jk ji j ^ x ={a,b,c,d,e } j' o-=j4 


t = {X ,<f),{a} ,{c,d} ,{a,c,d} ,{b,c,d ,e } } 

A = {a,d,e}<^X '4i 

t ={GnA:GeT} = {A,(/),{a},{d},{a,d},{d,e}} 

/i 

(3.45) JH. 

^ j 'aAIl jaL X —{a,b,c,d,e} u' 


r = {X ,0,{a} ,{a,b} ,{a,c} ,{a,c,d} ,{a,b,c] ,{a,b,e} , 
{a,b,c,e} ,{a,b,c,d } } 


.A-{a,c,e}^X Ar>3' 

cM 


^_y a ^AaM ^ 4joii]| 

r = {GnA:Ge r} = {A, {«},{«,<:}, {a, e}}. 


(3.46) Jli. 


jllutAl \ gAc. t a^*-aj 4 ^<w\l A-ic-VI ^ r - j ^ 7 - 4 7 ? U 

4aj^ .A l ^ r - j ^ 7 - a < S^jjlAI ^^jjaAl _((_£Aii3VI) 

(jl A^j q (_]£j 4_j| i" n-v 2 <j3c- ^JaalAI 


. {a} = Z n (a - 
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(3.2) 

aJjI*J| . X AC- J-a> Al LS^" T C5^_4_>^ (_JjjLuoS 0 (jlS |j| 
p A ={B^A:BtEp] 

.X (_j-a A AA^Al ^r.ja^ Al ^gjc. J t uj (__)jljajl 

,jUj2l 

<_AA jg j a gG j^.aGAnG ji j G gt u' iA 3 A- 1 

(jj £j dl iikj R (j a B ujI j t . jl £i^l (jS-aJ 3 J - 

t>»j a e (5 n A) c(GnA) J a^jIH «gA j. a e 5 cG 
■ . A cs-^ cr?- A (jAJ P A ={Br\A \B e /?} A 

(3.3) 

CjJI£ Ijli .(X,r) ^j-UlA' C-LiJaflll (j^a l_L!^^. «.LiJa3 (A,!" ) (j^A 

A 

. r 5 jli. B g t j Agt 

A 

(jUjJI 

u'l^ ,5-A nG u' G gt ^.jj Ajii i B gt u' ^ 

A 

■ ,B = A<aGgt d* G,Agt t> 


(3.47) J^ 

AjL*j Anally 1 ^Ac. ( a^jt-a j Ac. a B 

A = [0,1) u {2} ijA— Sj (a,Z?) = {x : a < x < b) cA j_jAI 

Aj—uALj A ^.jlia|2} oJl_l2kj A C-^a^Al _ R Cj—a ^ ^ r - j ^ ^ 

4 -N. jj'ia Al ^iaUjj 2)^ *^4"" 7^ >J . U ‘ 1 *^' 
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.{2} = An(§,§) <j' lA ■ A 

(3.20) ^ 

4x^ ja->a\ I . ( X ,T ) eL-iaslI (j>i Uj J2k s-LjaS (A, r ) (j^2 

A 


L " y ''~^J til la^3 j lil J" ^gjjgi 'll 4-1 ui21 J aA*-o B (^2 A 

A 

. B = F r~} A ^-jl L " ' ] ^ j X AjjoijlLj Aili-a F ^ r - j ^ »a 

,jUj2l 

A=^i) X cA ^c. F d 5 = Fo A d lA 3 : Vji 

.(JlAl JiAll 


A 




5 

F 





( 3 . 4 ) 



4^.jiLa ^f~-j^ ^ F ( ' X — F ^ La^ Al 


^JI^IiAj F c =(X-F)gt 


(cA jaJI pUiaill t>) (F f )nA = (I-F)nAer 

A 

j' AlJj 


A-F = A-(AnF) = An(AnF) c 

= An(A e uF c ) 
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= (An A c ) u(An F c ) 

- Ar^F c - AcxH \H et . 


^9 A /a. A /a 


. T Ail*.* S A Cy*j (A — B) E t iP 

A " A 

_ 2" 4 > nl]| 4 um'iWj A al» ^ ir-jjN ^ B (jl | LuIj 


H — (A-B)et u' l>=j^ . (A-B)et <j' <A1 lsA*j j 

GetcA^j x ^3 4 -V j'i q ^ 4 r, ja-y ^ 1 — il q'l ^jC. OjLx. L^-jli 12 ] j 

.(JU1I Jiill jJijl) Af> 





/ 



1 

1 

1 

1 

A-B 

i 

i 

i 

/ 

I 

1 

1 

1 


B 

G 





(3.5) 

:d '^j H~(A—B)-Ar^G:GET A lA 


B = A- H = A-(Ac\G) = Ar\G c = A<^(X -G) = Ac^F 


[_ 2 " A Uh’iWj Aii*-a ^ J 7 /ji t"n-N. 

( 3 , 21 )^ 


.Be: A u' j (X,t) P A Lu ^L iaa (A,r ) 

/i 

aajouLi ^ JpL&l >a ( B ) J ‘(B) a =(B) x nA uA 

A 


T ^ jm illj /J Ax. <a\l (B^ J T 

~ ’’ " * v * x A ~ 
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( _ s _baiil! AjjaiilU 4 _u^aJl 4 x. ^Akjjoii L-Sjjuj 


(B) a = n{K:B(zK,A—K er } 

A 

= n{K = A n F : B cz (A n F), F c erj 
= n{AnFJcf, F c er} 

= An(n{F:ficf, F c er}) 

= An(5) J[ j 


A_ia. jljjjlill Cj'^1 ^k\\ ^ cAAllLAI (3.7) 

Sequences in topological spaces 

dAcA jJaill ^ EjIAUlLAI qjjtaj 12 a alai c_a^juj 

C*'l r 1 . >»a\l dlUlUiLall L_ijtaj (j4J Jjjill la^.2U 

■3-AsJlll diljjLa ^ tLLjj oLLujjJ jAl qjjlali]| j Ajl*. 

(3.17) ^>5 

J-A . (<*j^) AJULj (x n ) n e X j (X,r) u' 

4_^.jlLa ^ <_J^1 (_jl£ X f E X (_j-a (x ) 4 illiiLall (jl 


. n 


> n 0 X E G u' « n E 7/ cs*^ 3 x n iSj=^ Gel 


(3.48) Jli. 

^ (x 1 AAtjiAl ^liiu jjill) (A^,r) iAA 

jjillj 4 -s. jj'U/'\I Aq-i jj\l ir. *11 jV X E 3^ ^Ja&j (_J£ (_j-a t—ljLsjj 
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.X if* 

(3.49) Jli. 

UJ^j X <jA (X^AAlXiAl . ^Jafllftl l ^jljJjllI ( X,D ) l£4 

. n > n n x = x j' An^j n,. e N j '4 j '4 

0 n riQ 0 

(3.50) <Jli- 

A-iC-VI ^ r - j ^ 7- A ^Ac. A_1 £a1a 1I i2j2La£>Al frLjaS (N,C) j ^4 

'4 .n^m x ^ x j' A^Ala (x ) gA^ j^ A j» jA\ l 

s n m ^ n ' n 

■ (N,C) <f* A-illiAl t> 4 gJ AjI^j jA J£ J Ajjlila (x n ) n 

(3.22) ^ 

j* a2U1s <— i^j I^.AcI j' j ^Aiaa (X,t) d cA 3 

1 -n. <-n. . ^ (jAa 11 j jg A jlA t jf A Wa’Al ^Jl A Xc-^a^- 21 -LaULj 

. >3ll JiS (X,t) j^'4 

jUjJI 

j^ ^Jali l 5 X ; Ual2] G j' J?> '4 . x n — » X j' J x n E A j' lA 3 J^ 1 

.((3.4) ^j^ 1 ) xeA j ^ j Gr\ A A (f) j' cA A 
. x e A j' j jloAl JjIS (X , r) A-^=all jl iA 3 ‘j j^' A^U j* 
j' eA 3 j^ 1 x n — > x j' (x ) AAAI« -^.jj A_j| till AV 
« t_i ^. ja J£l . x cs-^ 7 jij^ j A^ cl :XxX — » i? 

jlii^j _i lA^jlaa (■ j x LAj£^)-a (A^l j B (x, ^) A_^.jlLaAl ojSJl jliij 
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— dJISIl 


(jl (jl i A Xc- j.a^.a\l £A 5 ; (X, -) Oj^JI ^ialij (j. a <iaij£ x aJIjIaII 

X g An B d (x, j) 

SjS 1 ^ji ^-jJ-3 x c G 4x. j^-a (_jl (jl (jVI ia^.2U 

. ^-»\l jj\ n-s.1 j g lA^}ia3 t flj^aj j lAj£^a 5 ^X, S’) 4-^j43-a 

x JjAaJl c 5 j^j G (jli t X- < £■ (jj^j n (l e TV 

■ . x n — » x U' ^ j i>n 0 

(3.4) ao^ 

IgJc. t-i jc. j i x = {a,£>,c,<i,£} '4 (1) 

u' j t = {X,(j),{a},{a,b}Aa,c,d},{a,b,c,d},{a,b,e}} 

. t a C 5 ^' ^AfcLs^' ‘ A- {a,c,d} c= X 

cLjaill j;! (JJJ3 Y cl t^IaSls clXaS (X , t) '4 (2) 

Y (fciaila clXaS Ljajl jA (F , T y ) yH j^' 

(jjja Y cl t^IaSla jjiJl ^jljJjjll cLjaall (X , I ) '4 (3) 

Y ^^Ic. ^iailLa jJC- c-Lja3 Ljajl jJh (Y , T y ) (_j-Jj^-ll C-Ljaflll (jl 

4 io <a-N. 11 jl^c-Vl ^ r - j ^ 7 - a (j* *L^F = (0, 1] u' (4) 

■R J F cs-J S-I^Xaill j>o j£ yi A = (0, 4) ^i.jl 

l^k lAjL j X = {a,b,c,d,e} '4 (5) 

t = {X ,0,{a} ,{a,b} ,{a,c, d},{a,b,c, d},{a,b,e } } 

^.jli t B = {b} j A = {c, d, e} '4* 

A , A, ext (A ) , b(A ) , A° ,B , B , ext(B ) , b(B) , B° 
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d J (X ,t} j-* Ljjja. cljJaS (A,r ) (6) 

/i 

:u' .Be: A 

JaL_aj (B) a jl di_i^ t (B) A = (B) x n A • 

(B) v JT LS^J — B 4 — C. A — 

A A ~ 

_ y Ajjaiillj /J Ac-^Aa-ol] A_)lg-i]l JaliL ^ r - J ^ -a 

JaL^ill J_^ (B)° a u' ‘ (fl)“ = (fi); n A • 

(B)° jT LS^J Al udi]l_J B 4 C-j-O^A] 5 likl^]| 

A 

2" jill A u«'i\Ij B ^ r -J, A1 A -LaULi]l Ac. ^ 

iS = { { a,b},{a,c},{b,c } } iA . X = {a,b,c} '^] (7) 

^Jja. j-luil ^ 

. r = {X,^,{fl},{Z?},{c},{a,Z?},{«,c},{Z?,c}} 
a_JjU]U ^JjJI ^j_Sjjjj]| .x ={<2,Z?,c,d,<?} u' o^j-A 1 (8) 

.{{«}, {a, b,c},{c,d}} 

r, = { A : A c= 7?} <j — « J — £ j — (9) 

A_l]lTi<a\l L_ljl_aj j^ya j.it. R A j'qj'q^ll j|A£.VI A_C-j^oa^a ^Ac. ={7?,^} 

■ ( R,T 2 )j (. R ,T X ) ^ a n =\ ^ 1*>^ cs^' 

aIjUJU jAjA I ^.jl .X = {a,b,c,d,e} u' (10) 

.{{a},{a,b,c},{c,d}} 
jj-^j^ (- P(X) a_1jU1i ji jA j_j (ii) 
_ X AjlLa. jjiJl Ac.^Aa-oll t _ s -lc- 
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